Background and Aim: Potential celiacs have the 'celiac type' HLA, positive anti-transglutaminase antibodies but no damage at small intestinal mucosa. Only a minority of them develops mucosal lesion. More than 40 genes were associated to Celiac Disease (CD) but we still do not know how those pathways transform a genetically predisposed individual into an affected person. The aim of the study is to explore the genetic features of Potential CD individuals.
Introduction
The pathway of gluten-induced immunoresponse in Celiac Disease (CD) is not yet completely clarified to date, but a tremendous progress was gained recently [1, 2] by the discovery of candidate genes identified by genome wide association studies (GWAS) [3] [4] [5] . More than 40 candidate genes were discovered, each of them giving a minute contribution to the genomic variance in CD [6] . Only a functional profile of the gluten induced immunoresponse will shed light into the complex interaction of these molecules. The way to progress is to draw reliable pieces of functional pathways that may build up the puzzle of the gluteninduced immunoresponse. New genes, added to HLA, account for around 50% of the genetic risk. Even though relatively homogeneous, CD is probably not one disease, and different pathways and risk factors can be probably distinguished. The progressive stages of the disease are a resource to better understand the role of the genes identified up to date.
Alongside the HLA, a robust association was identified by GWAS on chromosome 4q27, containing the IL-2, IL-21 and KIAA1109 gene cluster [3] . We did confirm this strong association in our CD patients and controls, originated from the same region of Southern Italy (unpublished data). The discovery of a heritable variation in this gene cluster points to a direct involvement of these cytokines. In active CD there is an enhanced production of IL-21 [1] . The quiescence of the active phase of CD, obtained by a gluten free diet (GFD), reverts the IL-21 activity to normal values. When mucosal biopsies from treated CD patients are challenged with gluten peptides, IL-21 is again over expressed [1] . IL-21 induces, in active CD, T-bet expression [7] . The over expression of IL-21 is likely to play a crucial role in the activation of cytotoxic T-cell leading to epithelial cell death and mucosal destruction of active CD [8] .
c-REL and TNFAIP3 are key mediators in the nuclear factor kappa B (NF-kB) inflammatory signalling pathway [5] . We suggested previously an early involvement of the NF-kB pathway in the gluten-induced inflammation either in acute CD as well as in gliadin exposed small intestinal mucosa tissue culture [9] . We proposed that, through the NF-kB pathway, gliadin peptides could stimulate iNOS expression in IFN-c treated macrophages from non-celiac patients [10] .
So far, genetic studies gave a solid base to explore biological models of gluten-induced immune response, but, no genotypephenotype association could be found for any of the above listed candidate genes [11] .
Recently the clinical presentation of CD underwent substantial changes: from classical malabsorption driven picture to light or absent symptoms associated to moderate damage of intestinal mucosa. The term 'potential CD' was assigned to individuals with proper DQ2 or DQ8, production of anti Transglutaminase (anti TTG) antibodies and normal small intestinal mucosa, classified as Marsh 0 (no damage) or Marsh 1 stage (unspecific intra epithelial infiltration only). These are also defined ''serological positive cases'' [12] [13] [14] . Potential patients suggest that the development of adaptive anti-gluten immunity is not sufficient to develop villous atrophy. This is supported by animal models showing that inflammatory anti-gluten responses are not sufficient to develop mucosal lesions [2] . Thus, we can subgroup individuals into three groups: controls, patients who developed antibodies but no intestinal lesions (M0 and M1 potentials) and patients with antibodies and villous atrophy (overt CD). Analyzing differences among these subgroups may shed light into the genes differentially involved in development of adaptive anti-gluten immunity (different between control and potential) and tissue lesions (different between potential and CD), as well as genes involved in all steps of CD pathogenesis (different between control and potential, and potential and CD).
We have a sizeable cohort of a living experimental model of CD: intestinal production of anti TTG antibodies but no specific mucosal damage. The vast majority of these individuals have no symptoms and may be grouped into low-medium-high anti-TTG producers, but all have a small intestinal mucosa with normal villi/ crypt ratio, none or moderate IEL infiltration and normal epithelial layer. Over a prolonged follow up on gluten containing diet only about 1/3 rd develop mucosal damage, most frequently not associated to symptoms [14] . The reasons why potential CD do not show any degree of substantial mucosal damage, albeit the presence of all the features of CD, is the question, whose answer can contribute to the understanding of the pathogenesis of CD.
Our aim is to explore the presence of genetic and expression factors that may differentiate potential patients from overt CD patients.
Results

HLA typing
The HLA genotype of 127 potential CD cases was compared to that of 311 Celiacs previously reported by us [15] . Potential CD less frequently belong to high risk classes (double DQ2 or DQ2 in trans), while they show more frequently very low or moderate HLA-related risk (Table 1) . We observed more cases in the HLA class at lower risk among potentials as compared to full celiacs: these cases bear half of the DQ2 heterodimer, either DQB1*02 or DQA1*05 only. To avoid a selection bias we did not excluded these potential cases, who produced anti TGASE and were anti Endomysium positive.
When we compared the HLA risk between M0 and M1 potential cases we did not observe any difference (x 2 = 1.92; p = 0.75, data not shown). Cases who developed small intestinal atrophy during follow up did not show an HLA distribution different from those who remained potential (x 2 = 5.17; p = 0.27, data not shown).
Eight Candidate Genes SNPs genotype and allele distribution
Hunt et al. [4] reported 8 new CD risk loci, located in different chromosomes. The size of the sample of the potential CD has no sufficient power to differentiate the polymorphisms distribution between potential CD and controls: nevertheless we found that three SNPs in LPP, c-REL and CCR regions respectively showed significant differences between controls and potential CD in their genotype distribution (Table 2 ). Seven out of 8 SNPs analyzed showed no significant differences between potential and CD cases in their genotype distribution. The SNP marking the c-REL gene showed the GG genotype 2.5 times more often in potentials versus 'full' CD and versus Controls ( Table 2) .
By analysis of allele distribution, we found that both LPP*A, c-REL*G, and CCR*A alleles were significantly associated to potential cases compared to controls (Table 3) . Only c-REL*G allele was significantly associated with potential cases when compared to CD cases ( Table 3) .
None of the candidate genes distinguished between M0 and M1 potential cases (data not shown). M0 patients were not different from controls, except for CCR gene. M1 patients reinforced the significant differential distribution of the c-REL genotype when compared to CD: again the GG genotype was about three times more frequent in M1 patients compared to CD patients. The same trend, with good statistical significance, is observed between M1 potential and controls not only for c-REL but also for LPP gene (Table S1 ).
The eleven cases who developed small intestinal atrophy during follow up did not show an allelic and genotypic distribution different from those who remained potential, maybe because of the sample size that was too small to evaluate differences (Table S2 and S3).
Five Candidate SNPs on the 4q genomic region
Despite the limited sample size we found that three SNPs in the 4q genomic region showed significant differences between controls and potential CD patients (rs4374642, rs13119723 and rs6840978) in their genotype distribution. In addition, we found also significant differences between potential CD and CD patients for three SNPs (rs4374642, rs13119723 and rs6822844) ( Table 4) .
The rs4374642, rs13119723 and rs6840978 SNPs, respectively, were significantly associated when Potential CD cases were compared to Controls (Table 5 ). In contrast, only the rs4374642*T was the risk allele associated with potential cases when compared to CD cases (Table 5) .
Cases who developed small intestinal atrophy during follow up did not show an allelic and genotypic distribution different from those who remained potential (Table S2 and S3) .
Expression Studies
The expression of the IL-21 gene was completely suppressed in potential CD, as compared to CD (Mann-Whitney test; Rank test, p,0.01) and to controls (Fig. 1A) . We underline that the values of expression in potential CD either completely normal as well as infiltrated were consistently lower that the controls (p = 0.02 for both stages). So IL-21 expression is markedly suppressed in these patients. Celiac patients revert completely IL-21 at the levels of controls after at least one year of GFD. But IL-21 expression in celiacs after GFD is still higher than that of the potential CD (p = 0.01). IL-2 is over-expressed in M0 potential CD as compared to controls (p = 0.03) and to celiacs on GFD (p = 0.01) (Fig. 1B) . The expression of the c-REL gene was higher in M0 potentials, compared to CD cases (p = 0.04) and to controls (p = 0.03) (Fig. 1D) .
We explored the relationship between the expression data with the genotype of the same patients for the same gene. We could not recover all DNA samples from the patients, whose RNA was used for expression experiments. Nevertheless we could not found a specific genotype related to the expression value for the same gene, as reported previously [5] .
Discussion
This work attempts to explore the genetic and expression profiles of a special set of individuals in the CD domain. Potential Celiac patients, with positive serology and undamaged small intestinal mucosa appear to be differently associated with some genetic risk factors compared to full blown CD patients.
Potential CD bears a load of HLA-related CD risk significantly lighter than that of CD cases, with a mix of high-intermediate-low risk different from that observed in CD cases. No difference in HLA profile was observed between M0 and M1 potential patients, neither between the cases who developed full blow disease and those who remained potential at follow up. Subjects without the classical DQ2 or DQ8 heterodimers were double in potential (23, 18.0%) than in classical celiacs (28, 9.0%), but they produced antibodies against Human Tissue Tranglutaminase, with positive Endomysial antibodies, just as much as the DQ2 positive cases. In addition we could find no discrimination on the outcome between the DQ2/DQ8 carriers and those who carried only half of the heterodimers. This is one of the results of this work and should not produce a selection bias. Three cases were questionable on the basis of having only DQA1*01 /DQB1*0501: but this haplotype was previously described in celiac disease [16] . Although they may not represent the typical potential celiac, we did not exclude them, to avoid selection bias. We better accept that only 3/127 cases may not show the full pattern of the majority of the cohort.
We identified six polymorphisms suggestive to be differently distributed between controls and potential CD: KIAA1109, IL-21, LPP, c-REL and CCR. We suppose that these factors are implicated at some stages of CD pathogenesis, and that, as for HLA, there may be a ''gene-dosage effect''. Furthermore, c-REL and KIAA1109 are more expressed in M0 potential patients suggesting that they may play a role in the development of adaptive anti-gluten immunity. The SNP at c-REL gene shows a different distribution of the G allele, as well as of the corresponding genotype, in potential CD versus celiacs and versus controls. Unfortunately we were unable to correlate the G allele of the polymorphic marker of the gene with RNA expression, but we will explore further in more cases. c-REL gene has been recently associated to CD but no significant effect of the rs842647 polymorphism on gene expression was observed [5] . In small-intestine tissue from controls and from treated and untreated celiac patients, c-REL gene did not show significant differential expression among the three groups [5] . c-REL, a subunit of the NF-kB complex, is crucial for the regulation of this major nuclear factor for the innate and adaptive immunity [17]. It's regulation can terminate the NF-kB activation by innate immune stimuli. The integral structure of c-REL is crucial for the activation as well as for the termination of NF-kB induced immunoresponse [18] .
In conclusion, the finding of the different allele and genotype distribution of this gene in the potential CD model does point to the crucial role of NF-kB in the pathogenesis of the innate as well as induced immune response in CD. Sustained activation of NFkB in intestinal mucosa of CD patients leads to prolonged induction of inflammatory genes expression and thereby perpetuates the chronic inflammatory process. Our group produced consistent evidence of the very early involvement of NF-kB mechanism in the gliadin-induced innate immune response in CD [9] . NF-kB is constitutively active in intestinal mucosa of patients with untreated CD and reverts to normal values when gluten is removed from the diet.
The polymorphic markers of the 4q candidate region show significant differences between potential CD and CD cases.
Potential CD show a marked suppression of IL-21, below the level of CD cases, celiacs on GFD and even of normal controls. IL-2 and KIAA1109, on the contrary were both over-expressed in M0 potential CD compared to M1, to celiacs and to controls. M1 cases show an IL-2 and KIAA1109 expression very similar to that of CD.
The finding that the IL-21 gene differentiates potential from controls suggests that it may be implicated also in the adaptive anti-gluten immune responses. This is compatible with findings indicating that IL-21 is produced by follicular helper cells and plays a critical role in B cell differentiation. However IL-21 is also implicated in tissue damage because of its ability to promote NK activity and block regulatory T cells.
In accordance with the role of IL-21 in tissue damage and its down regulation in the mucosa of potential CD patients we found that the IL-21/IL-2 candidate region differentiates potential from CD patients. Conversely, IL-2, which was found to be a critical growth factor for Foxp3+ regulatory T cells, is highly expressed at the transcriptional level in potential CD mucosa. Because Foxp3 regulatory T cells play a critical role in blocking effectors T cell functions, these finding suggests that the level of IL-2 may be a critical factor in the development of tissue damage.
Potential patients have most of the features of CD patients: they have similar genes. produce the same antibodies but they lack the final destructive phase of the gluten induced immunoresponse, the cytotoxic destruction of small intestinal mucosa. No clinical, serological or histological features could distinguish M0 from M1 patients up to now [14] , for the first time we can speculate that potential CD are a mixture of two populations, with different non-HLA genetics and significant differential expression of some candidate genes.
Those potential cases who developed full blow mucosal damage on follow up, did not show any of the time 0 serologic markers worse than those who remained potential over a prolonged follow up. Similarly no genetic polymorphism, including HLA, could predict the outcome of these potential cases. We observed the same distribution of the HLA as well as of the non-HLA genes in the cases who eventually become full blown celiacs.
The limit of this study is the relatively short follow up time of this peculiar cohort of Potential CD cases: up to now there has been no possibility to identify any marker (clinical, environmental, serological or genetic) that could help to predict the time of conversion from predisposition to CD to full blown disease. In conclusion we cannot state that the cohort of potential celiacs who have again show an undamaged intestinal mucosa after 4 to 6 years of follow up, will not eventually develop it later in life. We can only observe that this group did not developed the full blown disease after 4-6 years. But the genetic and expression features point to the existence of a peculiar molecular profile, that may help to identify cases who do not have the complete molecular repertoire to develop the disease.
They may indeed be considered a live biological model of CD pathogenesis, where the process is, for some time or even forever, interrupted just before the final destructive phase.
Materials and Methods
Ethics statement
The Study Protocol was approved by the Ethics Committee of the University of Naples Federico II. Biopsies were taken during routine on at least four mucosa samples, to minimize the possible bias due to patchy lesions. Definition of the stage of lesion was obtained by Marsh stages modified by Oberhuber [14] .
At the first biopsy, patients underwent clinical and laboratory assessment (CD-related auto antibodies, thyroid auto antibodies, nutritional parameters, bowel inflammatory indexes). 50/127 (39.4%) patients belong to at risk groups: 32 were first-degree relatives of celiac patients, 18 were affected by autoimmune diseases (11 type 1 diabetes and 7 thyroiditis). 105/127 (82.7%) were asymptomatic; 21/127 showed symptoms attributable to CD, 17 gastrointestinal (abdominal pain, weight loss, diarrhoea, failure to thrive) and 4 extra intestinal (2 short stature, one dilatative cardiomyopathy, one refractory anaemia). 21 symptomatic patients went on GFD, the others continued on a normal diet with a 6 monthly follow-up schedule. After two years they were re-biopsied. The second biopsy was anticipated if symptoms ensued.
The 21 patients on a GFD became negative for CD-related auto antibodies but 6 of them did not show any clinical response to GFD. 105/127 patients continued a gluten containing diet. During follow-up CD serology became negative in about 15% and antibody fluctuation was observed in 42% with transient negativity for anti-TTG values. Four patients developed autoimmune disorders (1 type 1 diabetes and 3 thyroiditis), 1 patient developed a vitamin K deficiency and began a GFD. 44/105 patients repeated a biopsy after 2 years of follow-up.13/44 (29.5%) developed mucosa damage, all the others were invariant at the control biopsy [14] . In conclusion, 35 children were considered celiac patients: 23 patients were put on a GFD at the beginning of the study because of symptoms, 1 patient was put on a GFD due to appearance of symptoms during the follow-up and 11 patients developed atrophy.
2. To evaluate genetic risk allele a cohort of 643 overt CD cases, and 711 healthy controls were compared to the 127 potential CD patients. Controls were randomly selected from a DNA bank representing the healthy population of the region, stratified for province. All originated from the same centre and the same geographical area. Genotyping of the 4q candidate gene was performed on a set of about 350 cases and about 450 controls from the above sample. 3. To evaluate the HLA-related risk the 127 potential cases were compared to a set of 311 overt cases from the same sample described above and reported in Bourgey et al. [15] .
Genotyping
HLA typing was performed using Eu-Gene Risk kit (EURO-SPITAL). Cases were grouped into 5 HLA, as reported previously [15] . Thirteen SNPs were genotyped using TaqMan technology (Applied Biosystems) as described elsewhere [3, 20] . Reactions were performed on 7900HT Fast Real-Time PCR System (Applied Biosystems).
Expression Studies
The expression of KIAA1109, IL-2 and IL-21 was analyzed in mucosal biopsy samples from 17 CD cases, 21 potential CD patients (7 M0 and 14 M1), 8 CD patients on GFD, and 14 controls using Real Time PCR by 'Assays-On-Demand' (Applied Biosystems). Controls underwent endoscopy for functional disorders, from these we excluded subjects with Helicobacter pylori infection, known to modify the expression of IL-21 [21] . The analysis of the expression of c-REL gene was performed in mucosal biopsy samples from 10 CD cases, 10 potential CD patients (5 M0 and 5 M1), and 10 controls.
Statistical Analysis
Frequencies were compared by the x 2 test with.05 probability of the null hypothesis. Skewed variables were log transformed when required. Expression data were compared by a signed Rank test for independent samples. Data analysis was performed using: Prism (GraphPad Software, San Diego, CA), SPSS 15 (SPSS Inc., Chicago, IL, USA) and Haploview 4.1. 
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